The Lower "Petrologic Geotherm": A Transitory State
In a recent conceptual advance, MacGregor and Basu (1) have presented a "petrologic model" of the geotherm in the upper 200 km of the earth. This work is important for at least three reasons: (i) it is based on concepts different from those previously used in modeling thermal structure in the earth and so provides an independent check on these concepts; (ii) it is in general agreement with the earlier models for the upper 140 km (although with interesting changes of detail), thus deepening our understanding of this region; and (iii) it reveals a new feature ( One can apply these equations in an elementary way to a temperature distribution showing upward curvature, as in the "petrologic model" (1). Neglecting possible heat sources Q for the moment, Eq. 2 substituted in Eq. I yields
Using a change of gradient A(dT/dz) of 160C per kilometer over a depth interval Az of 30 km [suggested by the data (1)] in Eq. 3 yields a minimum value dT/dt > 10-5 OC per year. This indicates that temperature excesses (over the extrapolated lithospheric geotherm) of the order of 100°C would decay away (by heating of the lithosphere) in a maximum of (10 to 20) x 106 years and possibly sooner; that is, if the petrologic model geotherm does represent true paleotemperatures just prior to surface emplacement (some 100 x 106 years ago) of the corresponding ultramafic rocks, that thermal structure has long since smoothed itself out. Conversely, it could not have existed for more than a few million years prior to the emplacement event without conductively heating up the lithosphere and removing the inflection. Hence it must be considered an extraordinary situation, not part of a steady evolutionary development, and not generalizable to other areas in similar tectonic settings (for example, similar distances from spreading centers). In effect, it constitutes petrographic evidence of a transient (or mobile) anomalously hot spot in the mantle rather than a representative geotherm.
The neglected source term Q does not affect this conclusion. The time scale for the conduction of heat into the lithosphere does not depend on the source of the heat, be it convectively transported from below or internally generated by radioactivity or viscous dissipation. Only a negative heat source (a heat sink) at the top of the asthenosphere could maintain a concave-upward geotherm for significant times. The only heat sinks available are endothermic chemical reactions, such as melting or dehydration, and descending diapirs. Considering first the endothermic reactions, the reaction rate required to maintain an inflection in the geotherm is easily calculable. It is more instructive, however, to estimate the steady-state rate of accumulation of reaction products, since this quantity is independent of Az, the interval of upward curvature of T(z). This production rate is easily shown to be p ks
where L is the latent heat of the reaction. 
